Abstract. This paper presents the study of heat transfer in a solar air heater by using new design of solar collector. The collector efficiency in a single pass of solar air heater without, and with using fins attached under the absorbing plate has been investigated experimentally. Due to adding the fins to the interior of an absorber plate, the desirable effect of increasing the heat transfer coefficient compensates for the undesirable effect of decreasing the driving force (temperature difference) of heat transfer, while the attached fins provide an enlarged heat transfer area. In this study, the absorbing plate of solar collector is attached with fins for further improved performance. The improvements of collector efficiencies in the single pass solar air heaters with, and without fins attached; increase with increasing the mass flow rate, especially for operating at lower air flow rate. Experiments were performed for two air mass flow rates of 0.012 and 0.016 kg/s. Moreover, the maximum efficiency obtained for the 0.012 and 0.016 kg/s with, and without fins were 40.02, 51.50% and 34.92, 43.94% respectively. A comparison of the results of the mass flow rates by solar collector with, and without fins shows a substantial enhancement in the thermal efficiency.
Introduction
In the study, a test of solar collector air was performed based on the heating of air by longitudinal fins (semi-cylindrical form), and the surface area for heat exchange. Our study seeks an increase in the thermal efficiency of the solar collector, by using a single pass counter flow solar air collector with longitudinal fins. To this end, a semi-cylindrical form is one of the important and attractive design improvements that has been proposed to improve thermal performance. The paper presents an experimental analysis of a single pass solar air collector with and without fins. Experiments aim to evaluation the study of heat transfer in the thickness of a solar collector, and indicated that the heat exchange is affected by the weather condition.
Conventional solar air heaters mainly consist of panels, insulated hot air ducts and air blowers in active systems. The panel consists of an absorber plate and a transparent cover. Different factors affect the air heater efficiency such as collector dimensions, type and shape of absorber plate, glass cover, inlet temperature, wind speed and etc.
Solar air heaters can be fabricated using cheaper as well as less amount of material as compared to conventional solar air heaters. Thermal efficiency of a solar air heater is generally considered poor because of low rate of heat transfer capability between absorber plate and air flowing in the duct. In order to make a solar air heater a more effective solar energy utilization system, thermal performance needs to be improved by enhancing the heat transfer rate from absorber plate to air flowing in the duct of solar air heater. One of the methods for the enhancement of convective heat transfer is by creating turbulence at heat transfer surface with the help of artificial roughness on absorber plate.
Recently, many studies have been conducted on the efficiency and exergy analysis of a collector panel. Effect of geometrical parameters of V-shaped ribs on heat transfer and fluid flow characteristics in rectangular duct of a solar air heater with absorber plate having V-shaped ribs was investigated by Momin et al. [1] . In other studies, different fins are soldered on the collector's back [2, 3] . In addition to the essential effects of free and forced convections [4, 5] , considerable improvement in collector efficiency is also obtainable through an increase the transfer area and to create the turbulence inside the flow channel by using fins [4] , baffles [6] , or corrugated surfaces [7, 8] .
Alvarez et al. [9] developed an efficient single-glass air solar collector with an absorber plate made of recyclable aluminum cans. They compared the thermal efficiency of the collector with the reported ones. An experimental investigation carried out on the performance of the offset rectangular plate fin with various glazing [10] . In this work, they are used in heat exchangers, and are experimentally studied. As the offset rectangular plate fins are mounted in staggered pattern and oriented parallel to the fluid flow, high thermal performance is obtained with low-pressure losses. A periodic analysis of a double glass, single duct solar air heater with packed bed with upward air flow was investigated by Singh et al. [11] . They used different packed bed materials such as concrete, bricks, coal, copper, aluminum, etc. They found that coal gives as good performance as metallic materials. The heater efficiency was found to be 54% when coal and copper were used and m = 0,012 kg/s. Donggen Peng et al. [12] , studied a novel solar air collector of pinfin integrated absorber, designed to increase the thermal efficiency. In the performance analysis of varying flow rate on PZ7-11.25 pin-fin array's collector, the correlation equation for a heat transfer coefficient is obtained and the efficiency variation vs. air flow rate is determined in this work. Chabane et al. [13] report the experimental performance of solar air heater with internal fins in the interior of an absorber plate: in the region of Biskra. The study is focused on a heat transfer in the course of the thickness of solar collector. It is found that external factors such as wind speed, and ambient temperature affect the evolution of the temperature such as the temperature of transparent cover, temperature of an absorber plate taking into account of temperature of the fluid between an absorber plate and a bottom plate, and the temperature of the exterior plate on the outside. Another work reported the effect of the mass flow rate range between 0.012 and 0.016 kg/s on the solar collector with semi-cylindrical fins [14, 15] . The effect of the mass flow rate in the range of 0.0078 to 0.0166 kg/s on the solar collector with longitudinal fins was reported [16, 17] . The flat-plate solar air heater [18] [19] [20] [21] [22] is considered to be a simple device consisting of one (transparent) covers situated above an absorbing plate with the air flowing under absorber plate [21, 22] . The conventional flat-plate solar air heater has been investigated for heat-transfer efficiency improvement by introducing forced convection [23, 24] , extended heat-transfer area [25, 26] , and the increase of air turbulence [27, 28] .
The present study aims to review the designed and analyzed a thermal efficiency of a solar air heater. Experiments are performed to compare a solar collector without and with using fins attached at the back the absorber plate. The efficiency of the solar air collectors depends significantly on the solar radiation, mass flow rate, surface geometry of the collectors, and whether fins are used at the back of the absorber plate. The efficiency of the collector improves with increasing solar intensity at a mass flow rate of 0.012 and 0.016 kg/s, due to the enhanced heat transfer to the air. The efficiency of the solar air collector is proven to be higher. The highest collector efficiency and air temperature rise were achieved by the finned collector with a tilt angle of 45°, whereas the lowest values were obtained from the collector without using fins.
Experimental

Heat Transfer Coefficients
The convective heat transfer coefficient h for air flowing over the outside surface of the glass cover depends primarily on the wind velocity Vwind. McAdams [29] obtained an experimental result as:
where the units of h1ac, out and Vwind are W/m² K and m/s, respectively. An empirical equation for the loss coefficient from the top of the solar collector to the ambient was developed by Klein [30] . The heat transfer coefficient between the absorber plate and the airstream is always a base, resulting in the low thermal efficiency of the solar panel. Increasing the absorber plate shape area will increase the heat transferred to the flowing air.
Collector Thermal Efficiency
The efficiency of a solar collector is defined as the ratio of the amount of useful heat collected to the total amount of radiation striking the collector surface during any period of time. 
Useful heat collected for an air-type solar collector can be expressed as: 
Thermal properties of air are considered to be variables according to the follow expressions [31] , where the fluid temperature is evaluated in Celsius: 
The air density is calculated assuming the fluid as an ideal gas by the expression.
where Tf is the absolute air temperature.
Experimental Setup and Measurement Procedure
A schematic view of the constructed single-flow under an absorber plate and in hollow semi cylindrical structure located under an absorber plate system of the collector is shown in Fig. 1 , and photographs of two different absorber plates of the collector and the view of the absorber plate in the collector box are shown in Fig. 2 (a) and (b), respectively. In this study, two types of absorber plates were used. The absorbers were made of galvanized iron sheet with black chrome selective coating. Dimension and plate thickness for two collectors were 0.5 mm. The cover window type a Plexiglas of 3 mm thickness was used as glazing. Single transparent cover was used in all two collectors. Thermal losses through the collector backs are mainly due to the conduction across the insulation (thickness 4 cm) and those caused by the wind and the thermal radiation of the insulation are assumed negligible. After installation, the two collectors were left operating several days under normal weather conditions for weathering processes. Thermocouples were positioned evenly, on the top surface of the absorber plates, at identical positions along the direction of flow, for both collectors. Inlet and outlet air temperatures were measured by two well insulated thermocouples. The output from the thermo-couples was recorded in degrees Celsius by means of a digital thermocouple thermometer 6802II. The ambient temperature was measured by a digital thermometer with sensor in display LCD CCTV-PM0143 placed in a special container behind the collectors' body. The total solar radiation incident on the surface of the collector was measured with a Kipp and Zonen CMP 3 Pyranometer. This meter was placed adjacent to the glazing cover, at the same plane, facing south. The measured variables were recorded at a time interval of 15 min and include insolation, inlet and outlet temperatures of the working fluid circulating through the collectors, ambient temperature, absorber plate temperatures at several selected locations and air flow rates (Lutron AM-4206M digital anemometer). All tests began at 9 am and ended at 4 pm.
The layout of the solar air collector studied is shown in Fig. 2 . The collector served as the baseline one, with the parameters as follows:
 The solar collecting area was 2 m (length) × 1 m (width);  The installation angle of the collector was 45° from horizontal plane;  The transparent cover was made of a Plexiglas panel, with a thickness of 3 mm;  The height of stagnant air layer was 0.02 m;  The absorber plate was made of galvanized, which was 0.5 mm thick and black paint;  Thermal insulation boarded EPS (expanded polystyrene board), with thermal conductivity 0.037 W/(m K), was put on the exterior surfaces of the back and side plates, with a thickness of 40 mm.  The CMP 3 Pyranometer is an instrument for measuring the solar irradiance and digital thermometer Model Number: DM6802B.  The absorber of a plate absorption coefficient α = 0.95, the transparent cover transmittance τ = 0. 9 and absorptive of the glass covers, αg = 0.05; 16 Positions of thermocouple's connecter to plates and two thermocouples to outlet and inlet flow;  Five fins under absorber plate form of semi cylindrical longitudinal was 1.84 m (length) × 0.03 m (Radian); the distance between two adjacent fins and fins 120 mm, and 5 mm thickness. Figure 5 shows the temperature of the transparent cover as a function of length along the solar collector. We have four points of the measurement about the solar collector with and without using fins. We can see the evolution of the temperature transparent cover of solar collector with fins is more than the solar collector without using fins, caused by the tilt from horizontal plane, the solar intensity, and the weather conditions such as wind speed and ambient temperature. In this study, we choose a tilt angle 45° and fixed in all months corresponding to the winter months of the region of Biskra city of Algeria. In the summer months the tilt angle is equal to 38°. But in this study we can fix the tilt angle corresponding to the winter month for solar collector without using fins, and the summer month for the solar collector with using fins. Table 1 . Table 1 . Average temperature of the transparent cover corresponding to the mass flow rates of m = 0.012 and 0.016 kg/s, and the length of solar collector with and without using fins for the months of January, February and May (2012). Figure 6 shows the temperature of the absorber plate corresponding to two solar collectors without and with using fins. The temperature is a function of length of solar collector, for x1 = 0.388 m. The temperature of absorber plate in the days 25/01/2012 and 19/02/2012 depends on the mass flow rates of 0.012 and 0.016 kg/s respectively, and without using fins was T2 = 97 and 98.5 °C respectively, as listed in Table 2 . For the collector with using fins under an absorber plate during the days of 13-15/05/2012, corresponding to the mass flow rates of 0.012 and 0.016 kg/s, the temperature was 83 and 84 °C respectively. We can see that the difference in temperature between two configurations by rate is 14 and 14.5 °C. The variation of the temperature of the absorber plate is affected by air mass flow rates as a function of length of the solar collector. The effect of adding fins interior to the absorber plate has been shown in Table 2 . The temperature was measured experimentally. It can be seen from Fig. 6 that the curves of temperature tend to increase with decreasing air mass flow rate. For a specific air mass flow rate at a constant ambient temperature, the temperature increases with increasing solar intensity. Again, it can be clearly explained that the longitudinal fins at the back of an absorber plate helps increase the outlet-air temperature. Besides the convection, the emittance of the absorber surface influences the heat transfer to the caloporting air. Ben Slama (1987) [32] measured the efficiency obtained with differently colored absorbers. The results for an air flow rate of 0.012 and 0.016 kg/s, are shown in Table 2 . Flat-plate Figure 7 shows the average temperature of the bottom plate, as a function of length along the solar collector, at x1 = 0.388 m, for two modes flat-plate and with fins, corresponding to two flow rates of m = 0.012 and 0.016 kg/s, T3 = 64 and 54 °C respectively ( Table 3 ). The direction is changed immediately in the second and third position of measurement by T3 = 88 and 82 °C, and T3 = 80 and 69.5 °C respectively. Table 3 shows that the flow fluid or the irradiation heat is not distributed as expected, but by solar collector with using fins under the absorber plate. We can see another thing, the temperature varied normally as function of length of solar collector. We can expect that the fluid takes the heat energy from the absorber plate and the bottom plate of a first point. The typical outlet temperature for the solar collector without using fins equal 50.9 °C and 48.7 °C, mass flow rate of 0.012 and 0.016 kg/s, for the configuration of the solar collector with using fins under an absorber plate was 67.1 and 64.7 °C, respectively. We can see the temperature of airflow corresponding to configuration with using fins takes more heat than the mode without using fins. The type of using fins gives a considerable amount of thermal energy in the fluid. Fig. 7 . Average temperature of the bottom plate with, and without using fins for months of January, February and May (2012). Table 3 . Average temperature of the bottom plate corresponding to mass flow rates m = 0.012 and 0.016 kg/s, and length of solar collector with and without using fins for the months of January, February and May (2012). Flat-plate Figure 8 shows the temperature of the exterior plate depending on time of the day corresponding to mass flow rates for the months of January, February and May (2012). The temperature of the exterior plate is varied to standard local time of the day. The experiment carried out is presented in Fig. 8 and Table 4 . In general, the starting temperature was found to be increasing linearly form of 0.4 to 1.6 m as a function of length of solar collector with little fluctuation during some of the days. For the configuration of the solar collector used, the temperature of the exterior plate was found to reduce with increasing air wind speed and convection heat loss coefficient due to wind. It then decreases as solar radiation drops to lower valuing later during the day for the same mass flow rate. The maximum temperature between 0.4 and 0.8 m is due to changing outdoor conditions. Fig. 8 . Average temperature of the exterior plate with and without using fins for the months of January, February and May (2012). Table 4 Average temperature of the exterior plate corresponding to mass flow rates m = 0.012 and 0.016 kg/s, and length of solar collector with and without using fins for the months of January, February and May (2012). Flat-plate Figure 9 shows the ambient temperature as a function of time of the day, this variation depends on weather conditions. It is varied by two configurations of solar collectors. Without using fins the absolute ambient temperature corresponding to mass flow rate m = 0.012 and 0.016 kg/s was Ta= 20 and 18 °C, and with using fins was 31.75 and 31.6 °C. The ambient temperature helped the system with heat transfer, consequently prove that the ambient temperature has an effect directly on the solar collector, and in the thermal properties. The maximum temperature is limited to two types, corresponding to the mass flow rates of 0.012 and 0.016 kg/s, were 25, 21.1 °C and 39.9, 39.2 °C, respectively. For the months of January, February and May, this change is enough to affect the solar collector. That is why we have made some adjustments to the solar collector to add the internal longitudinal fins under the absorber plate. The measurements were both during summer and winter seasons. The tilt angle 45° is kept fixed corresponding to the winter season. Fig. 9 . Ambient temperature with and without using fins for January, February and May (2012).
Results and Discussion
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In Fig. 10 , we observe that the daily efficiency of the heater increases exponentially with increasing air flow rate. This can be explained by the rapid improvement of the internal thermal convective exchanges in the collector combined to the slight variation of the overall thermal losses. Efficiency versus time at various air rates and for the flat-plate and with fins at the back of the absorber plate is shown in Fig. 10 . The efficiencies start to increase to a maximum at 12:00 to 16:00 h. The efficiency of the mode with fins is higher than that of the flat-plate by 33-50% depending upon the air mass flow rate. The maximum efficiencies obtained for the solar air heater without and with using fins at m = 0.012 and 0.016 kg/s were η = 35.02% at 15:20 and η = 39.72% at 14:40 h, respectively. The thermal efficiency in both collectors was improved with increasing air mass flow. It is also clear from the results presented in Fig.  13 that the efficiency increases with the increase in mass flow rate. Aldabbagh et al [33] reported that the efficiency increases with the increase in mass flow rate and has reached 27% when the mass flow rate was equal to m = 0.012 kg/s and 42% of the flow rate equal to m = 0.018 kg/s for double pass collector's heater and the single-pass collector. He indicated that the thermal efficiency increases with increasing mass flow rate m = 0.012 kg/s, and the efficiency was η = 39% and η = 36% for m = 0.018 kg/s. The thermal efficiency of the heater improves with increasing air flow rates due to an enhanced heat transfer to the air flow and the temperature difference decreases at a constant tilt angle of 45°. Solar intensity is at their highest values at noon about 13:30 as expected. The solar intensity decreases as the time passes through the afternoon. Figure 10 shows the overall results of experiments, including the difference in air inlet and outlet temperature and daily instantaneous solar intensity levels. The ambient temperature was between 20 and 33.4 °C. The inlet temperatures of the two types of solar air collectors were measured and compared to ambient temperature. The temperature differences between the inlet and outlet temperature can be compared directly when determining the performance of the collectors. The highest daily solar radiation is obtained as 895 and 900 W.m -2 for a flat-plate and 753 and 755 W.m -2 at solar collector with fins. As expected, it increases during the morning to a peak value of 895 and 900 W.m -2 , 753 and 755 W.m -2 , respectively, for the solar collector without and with using fins at noon, and starts to decrease in the afternoon in all the days of experiments.
Conclusion
In this paper, the heat exchanges in a Plexiglas cover solar air heater are analyzed and an explicit expression of the temperature of the air flowing in that collector is developed as a function of the space coordinate in the flow direction and the time dependent solar intensity. Then the effects of various parameters such as the inlet air temperature, the distance between the absorber and the transparent cover and the air flow on the dynamic behavior of the collector are studied. The solar air collectors were tested and their performance was compared. The efficiency depends significantly on the mass flow rate, the solar irradiation and surface geometry of the collectors. The efficiency of the collector improves with increasing solar intensity and mass flow rate both 0.012 and 0.016 kg/s, due to enhanced heat transfer to the air flow. The condition of weather affects the mass flow rate on heat transfer. The efficiency of the solar air collector is proven to be higher. The highest collector efficiency and air temperature rise were achieved by the finned collector with an angle of 45°, whereas the lowest values were obtained from the collector without fins. The efficiency of the solar air collectors depends significantly on the solar radiation and surface geometry of the collectors and the fins on the back of the absorber plate account for the mass flow rate.
It is seen that the thermal efficiency increases as the mass flow rate and the temperatures of the heater elements increase until maximum values and then decrease slowly when the solar irradiation and ambient temperature decrease.
Nomenclature
T1
Temperature of transparent cover (°C) 
